Introduction
Developing hydrogen storage materials with high gravimetric and desirable dehydrogenation temperature is one of the key challenges in using hydrogen as alternative energy source for mobile and stationary applications. [1] [2] [3] Over the past decades, many efforts have been devoted to developing materials with high hydrogen density and low dehydrogenation temperature. Metal borohydrides have received great attention because of their high gravimetric and volumetric densities. [4] [5] [6] [7] [8] [9] However, many of the metal borohydrides either release hydrogen at high temperature or volatility and instability at room temperature, which make them unfavorable for practical application. For instance, LiBH4 and Ca(BH4)2 start to release H2 at temperature above 300 o C, and a complete dehydrogenation requires temperature higher than 500 o C. [8, 10] On the other hand, Al(BH4)3 is volatility at room temperature and releases by product of borane upon heating. [11] It has been reported that combination of NH3 into M(BH4)n with the formation of ammine metal borohydrides (AMBs) is an effective strategy to improve thermo-dynamical stability of metal borohydride, and render dehydrogenation properties that comparable to that of amidoboranes and hydrazine borane. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] However, many of the AMBs give rise to release undesirable gas of ammonia during decomposition. For instance, LiBH4·xNH3 and Ca(BH4)2·nNH3 (n=1, 2 and 4) mainly release ammonia rather than hydrogen below 300 °C under dynamic situation. [13, 14, 22] Although Al(BH4)3·6NH3 mainly releases hydrogen upon heating, a certain amount of ammonia is still evolve along with hydrogen release. [12, 23] Recent studies indicate that the decomposition temperature of AMBs can be tuned extensively through combined metal cations with different ionicities/valences and NH3/BH4 ratio. [16, [23] [24] [25] 
Computational method:
The 
Formation and diffusion of ammonia vacancies
The properties of NH3 are crucial to the kinetics of ammonia release from AMBs. Therefore, the microscopic mechanisms behind the release of ammonia may be relate to the formation and diffusivity of NH3 vacancy. Hence, we calculated the formation energy of NH3 vacancies using the following equation:
Where Etotal is the total energy of the AMBs supercells; E(NH3) represents the energy of isolate NH3 molecule; E(AMBs-NH3) is the total energy of the AMBs supercells after NH3 molecules are removed. The positive energy of Ef indicates that the formation of NH3 vacancy is an endothermic process; while the negative energy of Ef indicates that the formation of NH3 vacancy is an exothermic process. In addition to the formation energies of NH3 vacancies, we further investigated the migration process of the NH3, which involves mass transport and relates to the ammonia release. Although numerous diffusion pathways were examined, only the pathways with lowest energy barriers were described herein. As shown in Table 2 and Figure 1( 
Hydrogen formation energies and barriers

Conclusions
Density functional theory have been employed to investigate the decomposition processes of 
